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(57) A static induction transistor according to the in- 
vention comprises a semiconductor substrate with an 
energy band gap greater than that of silicon, and the 
semiconductor substrate has a first gate region to which 
a gate electrode is connected, and a second gate region 
positioned within a first semiconductor region which be- 
comes a drain region, and the first gate region is in con- 
tact with a second semiconductor region which be- 
comes a source region. According to the invention, the 
OFF characteristics of the static induction transistor are 
improved. 
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Description 

Technical Field 

[0001] The present invention relates to a static induc- 
tion transistor. 



remain which can not be removed by the heat treatment 
afterward. As a result, a leak current increases and the 
OFF characteristics become bad. 
[0007] Also when the ion implantation of high energy 
is partially performed, it is difficult to form an implanta- 
tion mask withstanding this state. 
[0008] In Fig. 2, Xj is called channel length, and Wch 
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Description 

Technical Field 

[0001] The present invention relates to a static induc- 
tion transistor. 

Background Art 

[0002] As electric power converters are requested to 
be of large power and high frequency, a semiconductor 
switching element is requested not only to have a large 
controllable . current but also to be of low loss and op- 
erated at high speeds. 

[0003] In orderto respond such request, switching el- 
ements with constituent element of SiC (silicon carbide) 
have been proposed. For example, a power MOSFET 
has been studied as disclosed in IEEE Electron Devices 
Letters, Vol. 18, No. 3, p. 93-95 (1997), "High-Voltage 
Double-Implanted Power MOSFETs in 6H-SiC". How- 
ever, since an inversion layer with low carrier mobility is 
used for a channel layer being a current passage, a 
problem exists in that the ON voltage becomes high! 
[0004] In order to avoid this problem, there is a static 
induction transistor where an inversion layer is not used 
as a channel layer (disclosed in, for example, IEEE 
Trans, on Electron Devices, Vol. ED-22, p. 185-197, 
1975, "Field-effect Transistor versus Analog Transistor 
(Static Induction Transistor)). 

[0005] Fig. 2 is a sectional view of a static induction 
transistor in the prior art. The semiconductor substrate 
comprises an n + -type region 1 , an n"-type region 2 and 
a p-type region 5, and a source electrode 11, a drain 
electrode 12 and a gate electrode 13 are provided. Po- 
tential of the gate is made lower than that of the source, 
whereby a depletion layer is extended to a region pro- 
vided by the p-type region 5, so-called channel region, 
and a current flowing through the drain electrode 12 and 
the source electrode 11 can be turned off. Since the sub- 
strate of SiC is used for the channel region, quite low 
ON-resistance can be realized. This is reported, for ex- 
ample, in International Conference on Silicon Carbide, 
Ill-nitrides and Related Materials -1997, Abstract p. 443 
(1997), "Electrical Characteristics of A Novel Gate 
Structure 4H-SiC Power Static Induction Transistor". 
[0006] I n the basic structure in Fig. 2, however, a prob- 
lem exists in that the OFF characteristics are consider- 
ably bad. That is, in order to turn a current off, a layer 
gate voltage must be applied. This is caused by that the 
impurity diffusion coefficient of SiC is small. In silicon, 
when a deep p-type region is to be formed, thermal dif- 
fusion is used, but in SiC, this process can not be ap- 
plied. As a result, a local p-type region such as a p-type 
region 5 is formed by ion implantation, but even if boron 
with relatively small atomic weight is implanted in energy 
of about 2 Mev called high energy implantation, the 
depth is about 2 urn at most. The implantation of higher 
energy can make the junction deep, but a defect may 



remain which can not be removed by the heat treatment 
afterward. As a result, a leak current increases and the 
OFF characteristics become bad. 
[0007] Also when the ion implantation of high energy 
5 is partially performed, it is difficult to form an implanta- 
tion mask withstanding this state. 
[0008] In Fig. 2, Xj is called channel length, and Wch 
is called channel width. In place of increasing Xj, means 
for decreasing the channel width Wch may be taken into 
10 consideration. In this case, however, Wch must be at- 
omized significantly. Therefore a problem exists in that 
the ON characteristics are significantly deteriorated. 
[0009] In order to solve the above-mentioned prob- 
lems, a structure is proposed under idea that a gate is 
is constituted by a surface p-type region and an embedded 
p-type region and a channel is laid in the lateral direc- 
tion. For example, Japanese Patent Laid-open 
59-150474 discloses a specific application example of 
a static induction thyristor. Fig. 3 is a sectional view of 
20 a static Induction transostor of SiC based on the propos- 
al. The semiconductor substrate comprises an n + -type 
region 1 , an n- -type region 2 and a p-type region 5, and 
a source electrode 11, a drain electrode 12 and a gate 
electrode 13 are provided. In this example, an n + -type 
25 source region 4 and a first gate region 5 of p type are 
provided on one main surface of the semiconductor sub- 
strate, and a second gate region 3 comprising a p-type 
embedded layer including projection parts of the n + -type 
source region 4 and the n+-type source region 5 is 
30 formed at a position deeper than both regions 4, 5. The 
second gate region 3 has a vacant longitudinal channel 
portion Wvch within a surface in parallel to the main sur- 
face. When the second gate region 3 has the same po- 
tential as the first gate region 5 and negative potential 
35 with respect to the source electrode 1 1 is applied to the 
gate electrode 1 3, a current between the source and the 
drain can be turned off. 

[0010] Difference in operation of this example from 
the previous example in the prior art shown in Fig. 2 will 

40 be explained as follows. Fig. 4 is a sectional view of the 
example in the prior art in Fig. 3 in the conduction state, 
in Fig. 4, numeral 21 designates flow of electrons. In this 
case, electrons injected from the source electrode 11 
flow through the channel in the lateral direction. And 

<5 then while turning the direction to the drain side, the 
electrons flow into the drain electrode 12. That is, the 
channel becomes the lateral direction. In this example, 
since the channel is in the lateral direction, the channel 
length is not limited by the ion implantation depth or the 

so like, but can be adjusted freely by microfabri cation tech- 
nology such as photo etching. Further since the channel 
width can be adjusted by width of the epitaxial growth 
and the ion implantation energy in the case of forming 
the p-type gate region, a high control property can be 

55 obtained. According to this example in the prior art as 
above described, the SiC static induction transistor be- 
ing excellent in the OFF characteristics can be expected 
without deteriorating the ON characteristics significant- 
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[0011] In the example in the prior art shown In Fig. 3, 
however, a problem exists in that the pattern matching 
work with considerably high accuracy is required for the 
exact control of the channel length which strongly influ- 
ences the pinch-off characteristics of the channel. That 
is, in the prior art using the conventional constituent ma- 
terial of Si, in order that the voltage of the junction be- 
tween the gate and the source is made high, a part of 
the n--type region 2 is interposed between the n + -type 
source region 4 and the first gate region 5. When the 
idea in the conventional case of Si is applied to the el- 
ement using the constituent material of SiC as it is, nec- 
essary width for the n'-type region to be interposed be- 
comes about 1 um Thus significantly high accuracy is 
required for the pattern matching when the n + -type re- 
gion 4 and the first gate region 5 are formed. As a result, 
the manufacturing of the element having constant pinch- 
off characteristics becomes very difficult. 



Disclosure of Invention 

[001 2] A first object of the present invention is to pro- 
vide a structure of a static induction transistor excellent 
in the OFF characteristics without deteriorating the ON 
characteristics. 

[0013] Another object of the present invention is to 
provide a structure to enable manufacturing of the 
above-mentioned static induction transistor at a high 
yield factor and a method of manufacturing the same. 
[0014] Another object of the present invention is to 
provide an electric power conversion apparatus of high 
performance using the above-mentioned static induc- 
tion transistor. 

[0015] In the static induction transistor according to 
the first invention, a semiconductor substrate having an 
energy band gap greater than that of silicon includes a 
first gate region of a second conduction type and a sec- 
ond gate region of a second conduction type positioned 
respectively at the surface and the inside of a first sem- 
iconductor region of a first conduction type serving as a 
drain region. The first gate region is positioned at the 
surface of the first semiconductor region and is in con- 
tact with a second semiconductor region of a first con- 
duction type serving as a source region. According to 
the present invention, since the second semiconductor 
region and the first gate region are in contact with each 
other, high accuracy is not required for the alignment of 
pattern in the second semiconductor region and pattern 
in the first gate region. Further since the energy band 
gap of the semiconductor material for the semiconduc- 
tor substrate is greater than that of silicon, high with- 
standing voltage can be obtained even if the second 
semiconductor region and the first gate region are in 
contact with each other. Consequently the OFF charac- 
teristics of the static induction transistor are improved. 
[0016] In the static induction transistor according to 
the second invention, in a semiconductor substrate hav- 



ing an energy band gap greater than that of silicon, a 
first semiconductor layer of a first conduction type serv- 
ing as a drain region and a gate electrode form a 
Schottky junction. Thus high gate withstanding voltage 
5 can be obtained. Further according to the present inven- 
tion, since the pn junction is not used but the Schottky 
junction is used in the gate electrode part, there is no 
problem of alignment between semiconductor layer pat- 
terns when the high gate withstanding voltage is to be 
10 obtained. 

[0017] The first conduction type and the second con- 
duction type as above described are p type or n type 
respectively, and are in an opposite conduction type to 
each other. 

'5 [001 8] In a method of manufacturing a static induction 
transistor according to the present invention, a gate re- 
gion is formed by the epitaxial method. Consequently 
the static induction transistor having high gate with- 
standing voltage can be produced at a high yield factor. 
20 [001 9] In an electric power conversion apparatus ac- 
cording to the present invention, the static induction 
transistor according to the present invention as above 
described is turned on or off and thereby the electric 
power conversion is performed. Consequently the elec- 
ts trie power conversion apparatus of high performance is 
provided. 

Brief Description of Drawings 

30 [0020] Fig. 1 is a sectional view showing a first em- 
bodiment of a static induction transistor of SiC to which 
the invention is applied. 

[0021] Fig. 2 is a sectional view showing an example 
of a static induction transistor in the prior art. 
35 [0022] Fig. 3 is a sectional view showing another ex- 
ample of a static induction transistor in the prior art. 
[0023] Fig. 4 is a sectional view showing flow of elec- 
trons in the conduction state of the static induction tran- 
sistor in Fig. 2. 

40 [0024] Fig. 5 is a sectional view showing a second em- 
bodiment of a static induction transistor of SiC to which 
the invention is applied. 

[0025] Fig. 6 is a sectional view showing a third em- 
bodiment of a static induction transistor of SiC to which 
^5 the invention is applied. 

[0026] Fig. 7 is a sectional view showing a fourth em- 
bodiment of a static induction transistor of SiC to which 
the invention is applied. 

[0027] Figs. 8A and SB are views showing a more 
50 concrete embodiment of a static induction transistor of 

SiC to which the invention is applied. 

[0028] Figs. 9A, 9B and 9C are diagrams of another 

embodiment of two-dimensional layout of unit cells. 

[0029] Figs. 10A, 10B and 10C are diagrams of still 
55 another embodiment of two-dimensional layout of unit 

cells. 

[0030] Figs. 1 1 A, 1 1 B and 1 1 C are diagrams of an em- 
bodiment showing other coupling means of a gate re- 
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gion of unit cells. 

[0031] Figs. 12A to 1 2D are sectional views showing 
a part of a characteristic fabricating process of the em- 
bodiment in Fig. 1 . 

[0032] Figs. 13A to 1 3D are sectional views showing 
a part of a characteristic fabricating process of the em- 
bodiment in Fig. 5. 

[0033] Fig. 14 is a diagram showing a main circuit of 
an embodiment of an inverter device using a static in- 
duction transistor of SiC to which the invention is ap- 
plied. K 



Best Mode for Carrying Out the Invention 

[0034] The present invention will be described in de- 
tail while disclosing embodiments as follows. 
[0035] Fig. 1 is a sectional view showing a static in- 
duction transistor of SiC (silicon carbide) being a first 
embodiment of the present invention. A semiconductor 
substrate comprises an nMype region 1 , an n'-type re- 
gion 2 being in contact with the n+-type region 1 and 
having an impurity concentration lower than that of the 
n+-type region 1 , n + -type region 4 being in contact with 
the surface of the rr-type region 2 and having an impu- 
rity concentration higher than that of the nMype region 
2, and p-type region 5 serving as a first gate region. A 
source electrode 11, a drain electrode 12 and a gate 
electrode 13 are electrically connected to the nMype 
region 4, the n+-type region 1 and the p-type region 5 
respectively. The n*-type region is connected to the 
drain electrode 12 through the n + -type region 4, but the 
drain electrode may be in ohmic contact therewith di- 
rectly. Further the n+-type region 4 and the p-type region 
5 are provided at one main surface of the semiconductor 
substrate, and a second gate region 3 comprising a p- 
type embedded layer including projection parts of the 
n+-type region 4 and the p-type region 5 are formed at 
a deep position of both regions. The n~-type region 2 has 
a longitudinal channel part Wvch by which the second 
gate region 3 is lost within the plane in parallel to the 
main surface including the second gate region. Length 
Lch of an overlapping portion of respective projections 
of the first gate region 5 and the second gate region 3 
with each other is made larger than the width Wlch of 
the n--type region placed between the first gate region 
5 and the second gate region 3, so that the depletion 
layer is easy to be pinched off between the first gate 
region and the second gate region when the negative 
potential is applied to the gate electrode 13. 
[0036] The p-type region 3 is set at the floating state 
or the same potential as that of the n + -type region 4 or 
the same potential as that of the p-type region 5 being 
the gate region, and the negative potential with respect 
to the source electrode 11 is applied to the gate elec- 
trode 13. Thus a current flowing between the source 
electrode and the drain electrode can be turned off. Al- 
though not shown in this embodiment, a second gate 
electrode may be provided In the second gate region 



and a control signal may be given to the second gate 
electrode. 

[0037] In this embodiment, since the semiconductor 
substrate is of SiC having the maximum breakdown 
5 electric field intensity about ten times as large as that of 
Si, high gate withstanding voltage of several tens V to 
several hundreds V can be obtained even if the n+-type 
region 4 and the p-type region 5 having a high impurity 
concentration are in contact with each other. Also when 
10 the n+-type region 4 and the p-type region 5 are formed, 
since patterns of both regions can be overlapped to be 
formed, the alignment accuracy can be reduced. That 
is, even in the low alignment accuracy, the gate with- 
standing voltage can be made without fail. In the static 
w induction transistor, the reverse bias is applied to the 
junction between the gate and the source and the gate 
regions are mutually pinched off so that the voltage be- 
tween the drain and the source can be blocked. Conse- 
quently for the element of high blocking voltage, the 
20 gate-source junction having as high withstanding 'volt- 
age as possible is required. As a result, according to this 
embodiment, the static induction transistor of high with- 
standing voltage can be obtained at a high manufactur- 
ing yield factor. 

25 [0038] Fig. 5 shows a second embodiment of the 
present invention, which is a modification of the first em- 
bodiment. A first gate region is divided into a p-type part 
51 having an impurity concentration higher than that of 
an n--type region 2 being in contact with an n+-type re- 

30 gion 4 but relatively low, and a p+-type region 52 being 
in contact with a gate electrode and having an impurity 
concentration higher than that of the p-type part 51 . Ac- 
cording to this embodiment, the gate-source junction in 
a high withstanding voltage and a low leak current can 

35 be formed, while holding the gate electrode connection 
in low resistance. 

[0039] Fig. 6 is a sectional view of a static induction 
transistor of SiC, which is a third embodiment of the 
present invention. In this embodiment, on one main sur- 

40 face of the semiconductor substrate, a Schottky elec- 
trode 1 4 is provided to form a Schottky junction in an rr- 
type region 2. This constitution performs the same ac- 
tion as that of the first gate region 5 and the gate elec- 
trode 13 in the first embodiment as above described. In 

45 this embodiment, a high gate withstanding voltage can 
be obtained by the Schottky junction on the semicon- 
ductor surface of SiC. That is, a pn junction need not be 
formed on the surface of the semiconductor substrate 
in order to obtain the gate withstanding voltage. Conse- 

50 quently there is no problem of alignment to form the pn 
junction, and the static induction transistor of the high 
withstanding voltage can be manufactured at a high 
yield factor. 

[0040] Also in this embodiment, the p-type region 3 is 
55 set at the floating state or the same potential as that of 
the n + -type source region 4 or the same potential as that 
of the gate electrode 14, and the negative potential with 
respect to the source electrode 11 is applied to the gate 
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electrode 1 4. Thus a currentf lowing between the source 
and the drain can be turned off. Also in this embodiment, 
a second gate electrode may be provided in the second 
gate region 3 and a control signal may be given to the 
second gate electrode. 

[0041] Fig. 7 shows a fourth embodiment of the 
present invention, which is another modification of the 
first embodiment. On a plane where a second gate re- 
gion 3 is provided, there is a p+-type embedded region 
31 at a position spaced apart from the second gate re- 
gion. The region 31 is in the floating state electrically. 
When the voltage is blocked between the drain elec- 
trode and the source electrode, the region 3 1 has a func- 
tion of facilitating the pinch-off between the first gate re- 
gion and the second gate region, and provides the OFF 
characteristics of high withstanding voltage. This em- 
bodiment shows an example thatthe p + -type embedded 
region 31 is added to the first embodiment, but it may 
be added also to the second embodiment and the third 
embodiment. Although one p + -type embedded region is 
shown in this embodiment, two or more p+-type embed- 
ded regions may be provided. 

[0042] Any of the individual embodiments has been 
described based on the sectional structure of a unit ceil 
of the semiconductor element. In more concrete struc- 
ture, however, a plurality of cells are arranged within one 
semiconductor substrate. Figs. BA and 8B show such 
an embodiment. Fig. 8A shows such arrangement that 
basic cells described in the first embodiment are ar- 
ranged within the same basic body, and Fig. 8B is a sec- 
tional view in the position of the fine AA* in Fig. 8A. Con- 
stituent parts in Figs. 8A and 8B designated by the same 
reference numerals as those in Fig. 1 indicate the parts 
equivalent in structure, conduction type and function. Al- 
though not shown in Figs. 8A and 8B, source electrodes 
11 of individual cells are electrically connected to each 
other and the respective cells are connected so that they 
are operated in parallel within the semiconductor sub- 
strate. In Figs. 8A and 8B, only four cells are shown, but 
the number of cells can be increased in response to the 
current capacity of the semiconductor substrate. This 
embodiment shows an example that a unit cell is of 
square shape. However, the two-dimensional shape of 
the cell is not limited to square shape, but may be rec- 
tangular shape, square shape with rounded corners, po- 
lygonal shape or circular shape. In the case of a circular 
cell, however, in a portion where cells are arranged in 
cross (in Fig. 8A, a portion where lines ab and cd inter- 
sect orthogonally), the longitudinal channel part Wvch 
becomes wide. As a result, the pinch-off becomes insuf- 
ficient and the voltage OFF characteristics of the high 
voltage may be deteriorated. Consequently the shape 
of the cell is preferably square shape or polygonal shape 
having sides and comers with small roundness (radius 
of curvature). Further as shape of acell arranged usually 
within a chip in nearly square shape, similar shape to 
the chip is excellent. The concrete cell arrangement 
structure of the present invention will be described 



based on the square cell as follows. 
[0043] Figs. 9A, 9B and 9C show another embodi- 
ment of two-dimensional layout of unit cells. Fig. 9A is 
a front surface view of a semiconductor substrate, Fig. 
5 9B is a sectional view at a position of line AA', and Fig. 
9C is a sectional view at a position of line ab. Constituent 
parts in Figs. 9A, 9B and 9C designated by the same 
reference numerals as those in Figs. 8A and BB indicate 
the parts equivalent in structure, conduction type and 
10 function. This embodiment is different from the embod- 
iment in Figs. 8A and 8B in that extended parts 33 of 
second gate regions 3 are provided to couple the sec- 
ond gate regions 3 of individual cells. Although not 
shown in Figs. 9A, 9B and 9C, the second gate regions 
« are coupled electrically and a second gate electrode is 
connected to the second gate region by low resistance. 
As above described, the potential of the second gate 
electrode is made the same potential as that of the n+- 
type source region 4 or the same potential as that of the 
20 gate regions being the first gate region, and can be con- 
trolled in the ON/OFF control. In order that decrease in 
the area of the longitudinal channel part being a current 
passage at the ON state is made minimum and the sec- 
ond gate regions are coupled, in this embodiment, cou- 
25 pling parts are provided in the four sides of the square 
cell. Of course, the coupling parts need not be provided 
in all four sides, but may be provided only in one to three 
sides. 

[0044] Figs. 10A, 10B and 10C shows still another 
30 embodiment of two-dimensional layout of unit cells. Fig. 

1 0A is a front surface view of a semiconductor substrate, 
Fig. 1 0B is a sectional view at a position of line AA', and 
Fig. 1 0C is a sectional view at a position of line ab. Con- 
stituent parts in Figs. 10A, 10B and 10C designated by 
35 the same reference numerals as those in Figs. 9A, 9B 
and 9C indicate the parts equivalent in structure, con- 
duction type and function. This embodiment is charac- 
terized in that the coupling parts 33 of the second gate 
regions 3 are provided at four corners of the square cell. 
40 In a part where cells are arranged in cross (in Fig. 1 0A, 
a part where lines ab and cd intersect orthogonally), the 
width Wvch of the longitudinal channel part becomes 
wide. Thus the pinch-off becomes insufficient there, and 
the voltage OFF characteristics at the high voltage may 
be deteriorated. In this embodiment, the part with the 
cells arranged in cross becomes the coupling part. Thus 
this embodiment is more excellentthan the embodiment 
shown in Figs. 9A, 9B and 9C where the coupling is per- 
formed at the side parts of the square cell in that the 
so deterioration of the OFF characteristics can be prevent- 
ed. Of course, even in this embodiment, if the width 
Wvch of the longitudinal channel part is set narrow in 
the range of not deteriorating the OFF characteristics, 
the coupling parts need not be provided in all four cor- 
55 ners but may be provided only in one to three comers. 
[0045] Figs. 11 A, 11 B and 11 C show an embodiment 
showing other coupling means of the second gate re- 
gion of unit cells. Fig. 11 A is a front surface view of a 
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semiconductor substrate, Fig, 1 1 B is a sectional view at 
a position of line AA', and Fig. 11 C is a sectional view 
at a position of line ab. Constituent parts in Figs. 11 A, 
11 B and 1 1 C designated by the same reference numer- 
als as those in Figs. 8A and SB indicate the parts equiv- 
alent in structure, conduction type and function. At the 
corners of the square ceil, p-type layers 34 are provided 
in a portion where it extends through, from one main sur- 
face of thesemiconductorsubstrate, the first p-type gate 
region 5 and reaches the second gate region 3. The sec- 
ond gate regions .3 of unit cells are coupled by the p- 
type layers 34, and further the second gate region 3 is 
electrically coupled with the first p-type gate region 5. 
Thus there is an advantage in that the gate control to 
make the two gate regions the same potential becomes 
possible without providing a second gate electrode new- 
ly. This embodiment shows an example that the p-type 
layers 34 are provided in ail corners of the square cell, 
the intended function can be obtained even when the p- 
type layers 34 are provided in a part of the comers of 
the square cell. Also when there are the coupling parts 
33 of the second gate regions 3 at the sides and the 
corners of the square cell as shown in Figs. 9 and 10 
the p-type layers 34 can be applied as the connecting 
means of the first gate region and the second gate re- 
gion. 

[0046] The embodiment relating to the cell arrange- 
ment has been described regarding the cell of square 
shape, but, of course, it can be applied also in the cell 
structure of rectangular shape and polygonal shape. 
[0047] The embodiment relating to the cell arrange- 
ment has been described in the embodiment of Fig. 1 
regarding the basic cell of the present invention, but, of 
course, such arrangement of a plurality of cells can be 
applied also to the cell structure shown in other embod- 
iments of the present invention as above described. 
[0048] According to the individual embodiments as 
above described, the static induction transistor of SiC 
can be realized which is excellent in the OFF character- 
istics and capable of being manufactured easily. 
[0049] Figs. 1 2A to 1 2D show a part of process of fab- 
ricating a static induction transistor of SiC in the first em- 
bodiment. Ion implantation of aluminum or boron is per- 
formed from a surface of an n"-type region 2 of a semi- 
conductor substrate of SiC using a resist (not shown, 
and so forth) as a mask. Thus (Fig. 12A) a p-type region 
3 is formed, and (Fig. 12B) the n--type region 2 is lami- 
nated and grown by the epitaxial method. Next, (Fig. 
13C) using a resist as a mask, ion implantation of nitro- 
gen is performed to form an n + -type region 4, and ion 
implantation of aluminum or boron is performed, where- 
by a p-type region 5 is formed so that both regions come 
in contact with each other. Thereafter a source electrode 
11, a drain electrode 12 and a gate electrode 13 are 
formed. Thus an element is completed. 
[0050] Figs. 1 3A to 1 3D sh ow a part of process of fab- 
ricating a static induction transistor of SiC in the second 
embodiment. Ion implantation of aluminum or boron is 



performed from a surface of an n*-type region 2 of a 
semiconductor substrate of SiC using a resist as a 
mask. Thus (Fig. 13A) a p-type region 3 serving as a 
second gate region is formed, and (Fig. 1 3B) the n-type 
5 region 2 is grown by the epitaxial method and further a 
p-type region 51 serving as a first gate region is lami- 
nated on the n--type region 2. Next, using a resist as a 
mask, ion implantation of nitrogen is performed to form 
an n+-type region 4. Further, (Fig. 1 3C) using a resist as 
>o a mask, ion implantation of boron preferably aluminum 
is performed, whereby a p + -type region 52 is formed. 
Thereafter a source electrode 11, a drain electrode 12 
and a gate electrode 13 are formed. Thus an element is 
completed. 

15 [0051] Since the p-type region 51 is formed by the epi- 
taxial growth, in comparison with the manufacturing 
method shown in Figs. 9A, 9B and 9C where any of the 
n+-type region 4 and the p-type region 5 is formed by 
the ion implantation, a problem of increase of a leak cur- 
2 <> rent of the gate-source junction due to the crystal defect 
remaining in the overlapped portion of the ion implanta- 
tion layers can be avoided, and the junction excellent in 
the blocking characteristics can be obtained. 
[0052] Fig. 1 4 shows an example of constitution of an 
25 inverter device for driving a three-phase induction motor 
using static induction transistors of SiC to which the 
present invention is applied and diodes connected to the 
transistors in inverse-parallel connection. The six static 
induction transistors SW11, SW12, SW21, SW22, 
30 SW31 , SW32 are turned on or off such thattheDC pow- 
er is converted into the AC power and the three-phase 
induction motor is driven. The static induction transistor 
of SiC according to the present invention has little loss, 
and a cooling system therefor can be simplified. That is, 
35 low cost and high efficiency of the system using the in- 
verter device can be attained. 

[0053] The embodiments of the present invention 
have been described, but the present invention covers 
further more application areas or derivative areas. 
40 [0054] In the individual embodiments as above de- 
scribed, a semiconductor material for the semiconduc- 
tor substrate is SiC but also another semiconductor ma- 
terial can be applied. Particularly a wide gap semicon- 
ductor material, such as diamond or gallium nitride, with 
45 large energy band gap than that of Si is effective. ' 
[0055] The present invention can be applied also to a 
static induction transistor of SiC where the conduction 
type of each region is inverted in each embodiment as 
above-described. 
50 [0056] According to the present invention as above- 
described, static induction transistors of SiC being ex- 
cellent in the ON characteristics can be realized without 
difficulty in the process. 
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Claims 

1 . A static induction transistor comprising: 
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2. 



3. 



4. 



a semiconductorsubstrate with an energy band 
gap greater than that of silicon, having 
a first semiconductor region of a first conduc- 
tion type, 

a second semiconductor region of a first con- s 
duction type, positioned on the surface of said 
first semiconductor region and having an impu- 
rity concentration higher than that of said first 
semiconductor region, 

a first gate region of a second conduction type w 
positioned on the surface of said first semicon- 
ductor region, and 

a second gate region of a second conduction 
type, including the projection of said second 
semiconductor region and partially including is 
the projection of said first gate region within 
said first semiconductor region; 
a drain electrode connected electrically to said 
first semiconductor region; 

a source electrode connected electrically to 20 
said second semiconductor region; and 
a gate electrode connected electrically to said 
first gate region; 

characterized in that said second semicon- 25 
ductor region and said first gate region are in con- 
tact with each other on the surface of said first sem- 
iconductor region. 

A static induction transistor as set forth in claim 1 , 
wherein at the blocking state of the static induction 
transistor, the potential of the second gate region is 
in the floating state, or in the same potential as that 
of said second semiconductor region or the same 
potential as that of said first gate region. 35 9. 

A static induction transistor as set forth in claim 1 , 
wherein the length of a part, in said second gate 
region, overlapping the projection of said second 
semiconductor region is larger than the width of a 40 
part of said first semiconductor region disposed be- 
tween said first gate region and said second gate 
region. 



ductor substrate is selected among silicon carbide, 
diamond and gallium nitride. 

7. A static induction transistor comprising: 

a semiconductorsubstrate with an energy band 
gap greater than that of silicon, having 
a first semiconductor region of a first conduc- 
tion type, 

a second semiconductor region of a first con- 
duction type, positioned on the surface of said 
first semiconductor region and having an impu- 
rity concentration higher than that of said first 
semiconductor region, and 
a gate region of a second conduction type in- 
cluding the projection of said second semicon- 
ductor region within said first semiconductor re- 
gion; 

a drain electrode connected electrically to said 
first semiconductor region; 
a source electrode connected electrically to 
said second semiconductor region; and 
a gate electrode connected electrically to the 
surface of said first semiconductor region; 

characterized in that said first semiconductor 
region and said gate electrode form a Schottky junc- 
tion. 



30 8. 



A static induction transistor as set forth in claim 1 , 
wherein said first gate region has a first part being 
in contact with said second semiconductor region, 
and a second part having an impurity concentration 
higher than that of said first part and being in contact 
with said gate electrode. 
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5. 



A static induction transistor as set forth in claim 1, 
further comprising an embedded region of a second 
conduction type separated from said second gate 
region within said first semiconductor region. 

6. A static induction transistor as set forth in claim 1 , 
wherein a semiconductor material of said semicon- 
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A static induction transistor as set forth in claim 7, 
wherein a plurality of said second gate regions are 
coupled with each other by semiconductor layers of 
a second conduction type. 

A static induction transistor as set forth in claim 8, 
wherein said semiconductor layers are extended 
portions of said second gate regions. 

10. A static induction transistor as set forth in claim 8, 
wherein said semiconductor layer extends through 
said first gate region and reaches said second gate 
region. 

11. A method of manufacturing a static induction tran- 
sistor, comprising the steps of: 

forming a second gate region of a second con- 
duction type on a surface of a first semiconduc- 
tor region of a first conduction type of a semi- 
conductor substrate with an energy band gap 
greater than that of silicon; 
growing said first semiconductor region onto 
said first semiconductor region and said sec- 
ond gate region by the epitaxial method; and 
forming a first gate region of a second conduc- 
tion type onto said first semiconductor region 
after growing by the epitaxial method. 
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12. An electric power conversion apparatus in which a 
static induction transistor is turned on or off and 
thereby electric power is converted, 

said static induction transistor comprising: s 
asemiconductorsubstratewith an energy band 
gap greater than that of silicon, having 
a first semiconductor region of a first conduc- 
tion type, 

a second semiconductor region of a first con- 10 
duction type, positioned on the surface of said 
first semiconductor region and having an impu- 
rity concentration higher than that of said first 
semiconductor region, 

a first gate region of a second conduction type 15 
positioned on the surface of said first semicon- 
ductor region, and 

a second gate region of a second conduction 

type, including the projection of said second 

semiconductor region and partially including 20 

the projection of said first gate region within 

said first semiconductor region; 

a drain electrode connected electrically to said 

first semiconductor region; 

a source electrode connected electrically to 25 

said second semiconductor region; and 

a gate electrode connected electrically to said 

first gate region; 

characterized in that on the surface of said 30 
first semiconductor region, said second semicon- 
ductor region and said second semiconductor re- 
gion are in contact with each other. 

13. An electric power conversion apparatus in which a 35 
static induction transistor is turned on or off and 
thereby electric power is converted, 



characterized in that said first semiconductor 
region and said gate electrode form a Schottky junc- 
tion. 



said static induction transistor comprising: 
asemiconductorsubstratewith an energy band 
gap greater than that of silicon, 
having a first semiconductor region of a first 
conduction type, 

a second semiconductor region of a first con- 
duction type, positioned on the surface of said 
first semiconductor region and having an impu- 
rity concentration higher than that of said first 
semiconductor region, and 
a gate region of a second conduction type in- 
cluding the projection of said second semicon- 
ductor region within said first semiconductor re- 
gion; 

a drain electrode connected electrically to said 

first semiconductor region; 

a source electrode connected electrically to 

said second semiconductor region; and 

a gate electrode connected electrically to the 

surface of said first semiconductor region; 
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